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Abstract
Coupling of quantum emitters in a semiconductor relies, generally, on short-range dipole-dipole
or electronic exchange type interactions. Consistently, energy transfer between exciton states,
that is, electron-hole pairs bound by Coulomb interaction, is limited to distances of the order of
10 nm. Here, we demonstrate polariton-mediated coupling and energy transfer between excitonic
states over a distance exceeding 2 µm. We accomplish this by coupling quantum well-confined
excitons through the delocalized mode of two coupled optical microcavities. Use of magnetically
doped quantum wells enables us to tune the confined exciton energy by the magnetic field
and in this way to control the spatial direction of the transfer. Such controlled, long-distance
interaction between coherently coupled quantum emitters opens possibilities of a scalable imple-
mentation of quantum networks and quantum simulators based on solid-state, multi-cavity systems.
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Introduction
Energy transfer between quantum emitters, such as excitons in a semiconductor, relies on
a coupling through short-range dipole-dipole (Förster)[1] or electronic exchange (Dexter)[2]
type interactions. The distance of these interactions is typically of the order of 10 nm in
III-V or II-VI semiconductors.[3, 4] As shown in the pioneering work by Agranovich et al.,[5]
the spatial range of energy transfer in semiconductor systems can be enhanced utilizing the
light-matter coupling effects. In the strong light-matter coupling regime the exciton and
the optical mode of the microcavity exchange energy in a reversible way, which leads to a
superposition of their wave functions and the emergence of a new eigenstate called an exciton-
polariton [6–12]. When several excitonic states are strongly coupled to a common optical
mode, their wave functions hybridize enabling their mutual coupling. In this way polariton-
mediated transfer of energy between distant excitons is possible. The energy transfer remains
efficient as long as the strong coupling conditions and hybridization of the initial and final
excitonic states of the process are maintained.[13] As such, it enables an enhancement of the
energy transfer range by orders of magnitude with respect to the Förster limit.[13–17]
In this work, we report on magnetic field controlled, polariton-mediated energy transfer
between 2D exciton states over a distance as large as 2.15 µm. We achieve this in structures
containing (Cd,Zn)Te and (Cd,Mn,Zn)Te quantum wells strongly coupled to the modes of
two coupled microcavities separated by a semi-transparent Bragg mirror (see Figure 1a). In
such a system the polariton wave function contains a component originating from exciton
in two different quantum wells and from the two coupled optical modes. As a result, the
polariton relaxation from a level with a dominant contribution by the exciton from one
quantum well to a level with a dominant contribution by the exciton from another well is
accompanied by a change in the spatial position of the exciton. In this way, the polariton
relaxation is accompanied by energy transfer between different, separated in space, quantum
wells. Doping of the quantum wells in one of the microcavities with a small amount of Mn2+
ions enhances the exciton Zeeman splitting in magnetic field due to the s,p-d exchange
interaction between the extended band states and the localized spins of the Mn2+ ions
(see Figure 1b).[20] To maximize exciton splittings we choose the Faraday geometry with
magnetic field applied along the sample growth direction, thus parallel to the quantization
axis. In consequence, we are able to tune the energy of the excitons in the Mn-doped
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FIG. 1: Schematic view of magnetic field controlled, polariton-mediated energy trans-
fer between exciton states over 2 µm. a Coupled microcavity structure hosting spatially
delocalized symmetric (CS) and antisymmetric (CAS) optical modes (respective distributions of the
squared electric field shown). Three non-magnetic quantum wells (QW ) are placed in the upper
and three magnetically doped quantum wells (QWDMS) are placed in the lower microcavity. Under
strong coupling conditions a four-level polariton system emerges inducing hybridization of excitons
in the QWDMS and QW . Long-distance transfer of energy between the QW and QWDMS is pos-
sible thanks to the optical mode mediated coupling of the initial and final excitonic states of the
process. b Energy levels of the QW (blue line) and QWDMS (red line) as a function of the magnetic
field. The energy of the excitons in the QWDMS can be tuned below or above the energy of the
excitons in the QW ; the crossing occurs at Bcrit. Below Bcrit, exciton density transfer assisted
by energy relaxation occurs predominantly from the QW to the QWDMS, while above Bcrit the
transfer direction is reversed.
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quantum well (QWDMS) below or above the energy of the excitons in the non-magnetic
quantum well (QW ) using a magnetic field.[21] Since the exciton density transfer between
the wells is assisted by energy relaxation, by adjustment of the relative energy order of
the excitons in the QWDMS and QW one gains control of the direction of the transfer, as
schematically shown in Figure 1a.
Results
Four-level polaritonic system
As shown in Figure 2a-c, three 10 nm wide non-magnetic (Cd,Zn)Te quantum wells
and three 12 nm wide, Mn2+ doped (semimagnetic) (Cd,Mn,Zn)Te quantum wells are, as
intended, embedded in the centre of the upper and lower microcavity, respectively. Incor-
poration of the Mn2+ ions only in the QWDMS is confirmed by the Transmission Electron
Microscopy images shown in Figure 2d-e.
In order to prove evidence for the formation of a four-level polaritonic system in the
studied sample, in Figure 3 we show emission spectra of the structure resolved in in-plane
photon momentum space k‖. The spectra are registered at consecutive positions on the
sample along the direction of the microcavity thickness gradient, i.e. as a function of the
detuning between the coupled, symmetric (CS) and antisymmetric (CAS), optical modes
of the structure and the QW and QWDMS excitons. For an even number of Bragg pairs
separating the microcavities, as in the present case, the CS mode is higher in energy than
the CAS one.
The case of a large negative detuning between the excitons and microcavity modes is
shown in Figure 3a. Exciton-photon mixing is negligible here, and individual components
contributing to the four-level polaritonic system are clearly distinguished. The approxi-
mately parabolic dispersion identifies the CS and CAS modes. The QW transition with a
negligible dispersion is seen at around 1640 meV, while the QWDMS one occurs at 1645 meV.
Excitation energy below the bandgap energy of any layer of the structure except the QW
and QWDMS ensures that the excitation penetrates both microcavities. The absorption of
the quantum wells in the upper microcavity is below 10%, which means that carriers are gen-
erated in the quantum wells in the upper and lower microcavities with comparable efficiency.
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FIG. 2: Transmission Electron Microscopy images of double coupled microcavities cross-
section. a The structure comprises two (Cd,Zn,Mg)Te microcavities coupled by a semi-transparent
Bragg mirror. Three (Cd,Zn)Te and three (Cd,Mn,Zn)Te quantum wells are embedded in the upper
and lower microcavities, respectively, as confirmed by the Energy-Dispersive X-ray spectroscopy
investigations of spatial distribution of Mg atoms (panels b and c) and Mn atoms (panels d and e)
in the sample cross-section.
Emission from the QWDMS is vanishingly weak, however, due to its filtering by the stopbands
of the middle and upper Bragg mirrors. When the coupled modes approach the excitonic
levels, anticrossing is observed (see Figure 3b), which testifies to strong light-matter cou-
pling conditions. Figure 3c shows the case of modes-excitons resonance. In contrast to the
case shown in Figure 3a, all four emitting levels exhibit a clear dependence on k‖, proving
a non-negligible contribution by the photonic part to each state of the four-level polaritonic
system.
In order to describe the observed polariton dispersion quantitatively, we introduce the
Hamiltonian H (Eq. 1) representing a four coupled oscillator model [22–24]. The Hamilto-
nian H written in the basis of the exciton states QW and QWDMS, with mode M localized
in the upper and mode MDMS localized in the lower microcavity, takes the form:
5
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FIG. 3: Formation of a four-level polariton system in double coupled microcavities
with quantum wells. Emission spectra resolved in in-plane photon momentum k‖ (shown on
a logarithmic intensity scale). Dotted lines represent the uncoupled exciton states in the QW
and QWDMS, as well as the optical modes CS and CAS delocalized spatially over the two coupled
microcavities. Solid lines represent polariton levels calculated as eigenvalues of the Hamiltonian H
(Eq. 1). Detuning between the optical modes and exciton levels increases from a to c.
H =
QW Ω/2 0 0
Ω/2 M κ/2 0
0 κ/2 MDMS ΩDMS/2
0 0 ΩDMS/2 QWDMS

. (1)
Off-diagonal elements of the matrix represent couplings in the system, κ describes the
strength of the interaction between the (degenerate) M and MDMS giving rise to the emer-
gence of the CS and CAS optical modes [22, 25–27] delocalized spatially over the two mi-
crocavities (the respective squared electric field distributions for the CS and CAS modes are
shown in Figure 1a), Ω is the coupling constant between the QW exciton and the mode M
of the upper microcavity and ΩDMS represents the coupling between the QWDMS exciton and
the MDMS mode of the lower microcavity. Direct coupling of the excitons with the optical
mode confined in the adjacent microcavity is neglected [22–24].
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Fitting the energies obtained from diagonalization of the Hamiltonian H to the energies
of the optical transitions reported in Figure 3 determines the value of κ to be 13 meV.
Such a value is, in fact, expected for a microcavity separation of 16 Distributed Bragg
Reflector (DBR) pairs,[27, 28] as in the present case. The vacuum Rabi splitting Ω for the
QW exciton is (10.0 ± 0.4) meV, and ΩDMS for the QWDMS exciton is (12.5 ± 0.4) meV.
In simulations, only the bare level energies are changed by detuning, while the coupling
constants remain fixed (they change by less than 10% when changing the position on a
7 mm × 20 mm sample). In terms of the splitting energy per quantum well, the values
obtained are consistent with previous reports on II-VI polariton systems [8, 29–32].
We note that the coupling constants are of the same order as the energy separation
between the QW and QWDMS excitons. This means that the coupling with the delocalized
optical modes of the structure indeed ensures hybridization of the QW and QWDMS states,
being a prerequisite for efficient polariton-mediated energy transfer between the quantum
wells.
In previous studies, the magnetic field applied in Faraday geometry enabled lowering of
the polariton condensation threshold[18] or, when applied in the Voigt geometry, controlling
of the polariton condensate propagation in single microcavities.[19] Here, we demonstrate
photon-mediated exciton interaction and energy transfer between the macroscopically dis-
tant quantum wells in double microcavity structure and use the magnetic field as a mean to
control of the transfer direction.
Photon-mediated interaction between magnetic and non-magnetic exciton
Figure 4 shows the emission spectra resolved in circular polarization, registered as a
function of magnetic field for consecutive detunings between the microcavity modes and
quantum well excitons decreasing from panel a to d. Corresponding Hopfield coefficients
[33] determined from the diagonalization of the Hamiltonian H (Eq. 1) are shown below
the spectra (note the labels run from 1 to 4 in order of increasing level energy). Below we
analyze the emission energy and intensity of the dependencies observed in the experiment.
The non-resonant case, where the coupled modes are far detuned to higher energy with
respect to the quantum well excitons (around 20 meV at B = 0 T), is shown in Figure 4a. In
this case, the observed emission arises predominantly from the exciton confined in the QW ,
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as indicated by only a slight change in the emission energy and intensity upon application
of the magnetic field (at B = 10 T σ− intensity Iσ− is higher than the σ+ intensity
Iσ+ by a factor of .2. Such a small splitting, as well as only weak (below 30%) and
negative polarization of the emission (=(Iσ+ − Iσ−)/(Iσ+ + Iσ−)) is expected in the case
of a non-magnetic quantum well, since only linear Zeeman splitting (excitonic g-factor of
0.7, consistent with Ref. 34) and diamagnetic shift (γ = 0.018), both of relatively small
magnitude, affect the exciton energy Eσ±QW (B):
Eσ±QW (B) = EQW (B = 0)± gµBB + γB2 (2)
In the case of the QWDMS, the exciton energy Eσ±QWDMS(B) varies much more upon appli-
cation of magnetic field due to an additional contribution coming from the s,p-d exchange
interaction between the exciton spin and the localized 5/2 spins of the Mn2+ ions:
Eσ±QWDMS(B) = EQWDMS(B = 0)∓
Esat
2
B5/2
( 5
2
gMnµBB
kBTeff
)
± gµBB + γB2. (3)
In Eq. 3 the term Esat = xMn(N0α − N0β)S0 represents exciton giant Zeeman splitting at
saturation, defined by the Mn dopant concentration xMn, the s - d and p - d exchange
integrals N0α = 0.22 eV and N0β = −0.88 eV, respectively for electrons and holes, and
S0 = 2.12 being the effective spin of the Mn2+ ion in (Cd,Mn)Te.[35] The B5/2 is the modified
Brillouin function[35] with parameters: Mn2+ ion Landé factor gMn = 2, Bohr magneton µB,
effective temperature of the Mn spins Teff = 2.3 K, and the Boltzmann constant kB.
It is worth to note, that crossing of the QW and QWDMS exciton levels occurring at
around Bcrit = 0.8 T at σ+ polarization in Figure 4a does not affect the energy of the
emission. This indicates that when the mode is far detuned from the excitons, no interaction
between excitons in the QW and QWDMS occurs. The negligible hybridization of the QW
and QWDMS states in the non-resonant case is reflected by a sharp exchange of the QW and
QWDMS components in the polariton states 1 and 2 when the magnetic field passes Bcrit (see
the Hopfield coefficients for levels 1 and 2 in Figure 4a). The emission from the QWDMS in
the non-resonant case is filtered out by the middle and upper DBRs. Thus despite being
excited by the laser, it is not manifested in the spectrum. In the non-resonant case, the
emission spectral width is just the linewidth of the QW confined neutral exciton transition.
It is larger than the radiative lifetime defined limit due to a sample structural disorder. An
additional broadening of the emission towards lower energy seen in Figure 4a is attributed
to a presence of transition of charged exciton[36, 37] confined in the QW.
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The resonant case, where either the CAS or CS mode is tuned to the close spectral vicinity
of the quantum well levels, is shown in Figure 4b or 4c, respectively. The spectra reveal
an anticrossing of the polariton states for which a contribution from the QW and QWDMS
exciton dominates (they are, respectively, levels 1 and 2 in Figure 4b and levels 2 and 3 in
Figure 4c). The anticrossing occurs at polarization σ+ at Bcrit = 0.8 T, where the uncoupled
QW and QWDMS exciton levels cross, proving the photon-mediated interaction between the
macroscopically distant, magnetic and non-magnetic, excitons. The Hopfield coefficients
confirm enhanced hybridization of the QW and QWDMS excitons in the resonant case. In
the resonant case, the emission spectral width is the average of the QW exciton and the
mode linewidths weighted by the respective contributions of the two components to the
emitting state. In the following discussion by conditions "below Bcrit" we mean B > Bcrit in
σ+ polarization, while by "above Bcrit" we mean the remaining field range and polarization
of the signal (i.e., B < Bcrit in σ+ and B > 0 T in σ− polarization).
Magnetic field controlled, polariton-mediated energy transfer over a macroscopic
distance
Let us now consider the emission intensity dependences, starting from the resonant
("transfer on") case shown in Figure 4b. Below Bcrit, the dominant contribution to level 1
comes from the exciton confined in the QWDMS, while the dominant contribution to level
2 comes from the exciton confined in the QW . Quantum wells in both microcavities are
excited with comparable intensity, and the QWDMS emission is not as efficiently filtered out
by the DBRs stopband as it was in the non-resonant case. Thus, if there were no exciton
density transfer between the QW and QWDMS one would expect a comparable emission
intensity from levels 1 and 2. This is clearly not the case: the emission occurs mostly from
the lowest in energy, polariton level 1. The observed enhancement of the population of level
1 and depletion of the population of level 2 reflects the efficient relaxation of the polaritons
to level 1 from level 2. This points towards efficient exciton density transfer from the QW
placed in the upper microcavity to the QWDMS placed in the lower microcavity, 2.15 µm
away. The observed behaviour, in particular the depletion of the polariton level 2, cannot
result from intrawell spin relaxation of the exciton in the QW , since its spin polarization
is weak (see Figure 4a) and it is not affected by a superposition with the optical mode (at
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least below the polariton condensation density, as in the present case).[38–40]
Exciton density transfer between the QW and QWDMS does not require exciton spin
relaxation. It is assisted, however, by its energy relaxation. The energy difference between
the QW and QWDMS excitons is relatively small (up to 5 meV, depending on the magnetic
field), which facilitates its efficient dissipation by acoustic phonons and ensures high exciton
density transfer rates [41]. Measurements of time-resolved micro-photoluminescence from
the cleaved edge of the sample indicate that the lifetime of the exciton in either the QW or
QWDMS is around 200 ps (not shown). We thus state that the transfer time is much smaller
than this value, in the range of tens of ps or shorter.
In turn, above Bcrit in Figure 4b the contribution to the lowest polariton level 1 from
the QW exciton dominates over the contribution from the QWDMS exciton. A dominant
population of level 1 above Bcrit indicates that the direction of the transfer is reversed and
the exciton density shifts from the QWDMS to the QW . Here, due to the large splitting of the
QWDMS exciton for B > 0 T, an additional contribution to the depletion of the σ− polarized
exciton in the QWDMS exciton appears, resulting from spin and energy exciton relaxation
within the QWDMS[20]. The excitation, kept constant during the magnetic field dependent
measurements, is linearly polarized and non-resonant, so that it does not introduce any
imbalance between σ+ and σ− populations of the photocreated excitons.
The energy and intensity dependences of the resonant ("transfer on") case presented in
Figure 4c are similar to the case in Figure 4b. Excitons contributing to polaritons on the
most populated level 2 originate predominantly either from the QW (for B below Bcrit)
or the QWDMS (for B above Bcrit). Comparable dependences in Figure 4b and Figure 4c
point towards their similar interpretation and indicate that both coupled modes CS and CAS
mediate the energy transfer between the quantum wells with comparable efficiency. Such
a result is consistent with comparable intensities of the electric field associated with CS
and CAS at the centres of the microcavities, as seen in Figure 1a. Analysis of the Hopfield
coefficients in Figure 4c reveals that feeding of the polariton levels indeed occurs through
the quantum well excitons, as polariton level 2, of strongly excitonic character, is much more
populated than the lowest, but mostly photonic in nature, level 1. Consistently, emission
from the level 1 in σ+ polarization, where a net exciton component is present (see the
Hopfield coefficients) is stronger than in σ− polarization, where the exciton content to level
1 is negligible.
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Finally, Figure 4d shows that when the optical modes are far detuned to lower energy with
respect to the quantum well excitons (" transfer off" case), the ordinary crossing of exciton
energy levels of quantum wells occurs. This indicates that the photon-mediated interaction
and energy transfer between the QW and QWDMS exciton states have been turned off again.
Also in this case, a net exciton content results in enhancement of the σ+ polarized with
respect to σ− polarized emission of the level 2.
Discussion
Photon-mediated hybridization of excitonic states and enhanced energy transfer efficiency
over distances of the order of 100 nm have been studied so far in microcavities with embedded
layers of organic molecules [13–16, 42–45] or hybrid structures involving perovskite or two-
dimensional transition metal dichalcogenides layers [46–50]. Very recently, use of a hybrid
organic-inorganic coupled microcavity enabled the energy transfer on a distance reaching
1.5 µm [17].
A long-distance, spin-dependent interaction and polariton-mediated energy transfer be-
tween quantum emitters demonstrated in the present work are promising for deterministic
designing of novel photonic devices such as, e.g., bosonic Josephson junctions [51–53], so
far limited to disordered polaritonic systems. Formation of spatially delocalized polaritons
in a coupled multi-cavity structure and the possibility of their manipulation by a magnetic
field makes the presented system useful for studies and implementation in the recently in-
tensively developing areas of quantum polariton networks [54], quantum simulators [55] and
production of hyper-entangled photons with a strongly reduced noise background [56].
The present study has been performed in a linear regime, where interactions between
the polaritons are negligible due to their small density. An exciting extension of this work
would be a study of the presented four-level polaritonic system to the high excitation limit,
where stimulated scattering in a non-linear regime induces such effects as the polariton
Bose-Einstein condensation. Such a study should not only answer the question whether the
condensate can boost a long-distance energy transfer in a semiconductor, but it should also
enable observation of new phenomena, such as magnetic field tunable polariton parametric
scattering between polariton branches or switchable, multiple wavelength polariton lasing.
Enhancement of optical nonlinearities thanks to the exciton hybridization should enable an
11
ultra-low threshold for lasing.
Conclusions
We have accomplished magnetic field controlled coupling and energy transfer between
semiconductor quantum wells over a distance exceeding 2 µm. The distant interaction is
ensured by the strong coupling of the excitons to a common optical mode delocalized over
the two coupled microcavities. The magnetic field enables control of the strength of the
coupling and the energy order of the semimagnetic quantum well exciton with respect to
the non-magnetic quantum well exciton. This makes possible control of the direction of
the polariton-mediated energy transfer by an external magnetic field, which is promising
for magnetic field controlled routing of the excitation in a semiconductor. The multilevel
system presented is attractive for further studies of nonlinear polariton effects and for a wide
range of applications in optoelectronics and quantum information science.
Methods
Sample
The structures are grown by molecular beam epitaxy on a ZnTe buffer layer deposited on a
(100) oriented GaAs substrate, with real-time monitoring of the thickness of the layers by in
situ reflectivity during around 12 hours of growth. The structure contains two (Cd,Zn,Mg)Te
3λ/2 microcavities (ncav = 2.7 at λ = 750 nm). The microcavities are sandwiched between
and separated by DBRs made of 30, 16 and 28.5 pairs of alternating refractive index layers
in the case of the lower, the middle and the upper mirrors, respectively (see Figure 2a).
High (nhigh = 2.95 at 750 nm) and low (nlow = 2.4 at 750 nm) refractive index layers are
made of (Cd,Zn,Mg)Te with, respectively, 10% and 50% Mg content. Both microcavities are
of wedge type, which results in a gradient of the mode energy of 10.5 meV/mm, as deduced
from reflectivity spatial mapping. At every point on the sample the microcavities share the
same thickness, which ensures a maximum degree of coupling between their optical modes.
The quality factor of the microcavities deduced from the coupled modes linewidth observed
in reflectivity exceeds 2000. The energy gradient of a quantum well confined exciton amounts
to around 0.6 meV/mm. The concentration of the manganese in QWDMS is determined to
12
0.8% by fitting a modified Brillouin function[35] to the QWDMS exciton shift in the magnetic
field.
Experiment
Photoluminescence is non-resonantly cw excited at 1.81 eV (λexc = 685 nm). For far-
field distribution of the emission measurements, the sample is placed inside a helium-flow
cryostat at 8 K. The laser beam is focused to a 1-2 µm diameter spot at the sample surface
using a microscope objective (numerical aperture of 0.7). The in-plane photon momentum
k‖ is registered in the range from -4.5 µm−1 to 4.5 µm−1 by imaging the Fourier plane of the
microscope objective on the entrance slit of the spectrometer. For magnetic field dependent
measurements, the sample is placed inside a pumped helium cryostat at 1.8 K equipped
with a superconducting split-coil magnet producing a magnetic field of up to 10 T. The
measurements are performed in the Faraday configuration. The combination of a quarter-
wave plate and a linear polarizer allows for the detection of two circular polarizations. The
laser beam is focused to a 0.1 mm diameter spot at the sample surface using a 500 mm
focal length lens. The lens is mounted on an automated XY translation stage, which enables
spatial mapping of the photoluminescence with a step of 0.01 mm. The range of registered k‖
vectors is limited to 0.42 µm−1 in this case. A CCD camera coupled to a grating spectrometer
serves as a detector (0.1 meV of the overall spectral setup resolution).
Transmission Electrom Microscopy (TEM) observations are conducted on a FEI Talos
F200X microscope operating at 200 kV. The measurements are performed in Scanning TEM
(STEM) mode using a high-angle annular dark-field detector and Energy-dispersive X-ray
spectroscopy on a Brucker BD4 spectrometer. Cross-sectional TEM specimens are prepared
by a standard method of mechanical pre-thinning followed by Ar ion milling.
TMM Simulations
The spatial distribution of the electric field in the structure shown in Figure 1a is calcu-
lated using the transfer matrix method. Complex refractive indices of the layers are assumed
following the literature [57].
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FIG. 4: Magnetic field controlled, polariton-mediated energy transfer between macro-
scopically distant quantum wells. Photoluminescence spectra as a function of the magnetic
field for consecutive values of the detuning between the microcavity modes and quantum well ex-
citons, decreasing from a to d. Circular polarizations of the detection are indicated. The bare
levels of the excitons in the QW and QWDMS (simulated following Eq. 2 and 3, respectively), as
well as the optical modes M and MDMS of the upper and lower microcavities are shown by the
dashed blue, red, yellow, and light-green lines, respectively. Delocalized optical modes CAS and
CS arising from the coupling between M and MDMS are denoted by the dashed orange and olive
lines, respectively. Calculated polariton levels are shown by solid white lines. Hopfield coefficients
vs magnetic field determined in the basis of the QWDMS, QW , M and MDMS for polariton levels
from 1 to 4 are provided below the photoluminescence maps with the respective colour code. The
"transfer on" case, where the coupled modes are tuned to resonance with the QW and QWDMS
excitons enabling long-distance, polariton-mediated energy transfer is shown in panels b and c.
The "transfer off" case, where the coupled modes are detuned with respect to the excitons, which
precludes the interaction and energy transfer between magnetic and non-magnetic exciton states is
shown in panels a and d.
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